Excitatory synaptic transmission is altered during aging in hippocampal granule cells, and in CA3 and CA1 pyramidal cells. These functional changes contribute to ageassociated impairments in experimentally-induced plasticity in each of these primary hippocampal subregions. In CA1, plasticity evoked by stimulation shares common mechanisms with the synaptic modification observed following natural behavior. Aging results in deficits in both artificially-and behaviorally-induced plasticity, and this could in part reflect age-related changes in Ca 2+ homeostasis. Other observations, however, suggest that increased intracellular Ca 2+ levels are beneficial under some circumstances. This review focuses on age-associated changes in synaptic function, how these alterations might contribute to cognitive decline, and the extent to which altered hippocampal circuit properties are detrimental or reflect compensatory processes.
Shifting demographics: the aging brain Humans around the world are living to older ages. In the year 2000 the net balance of the world's elderly population grew by more than 795,000 people each month [1] . In the United States, for example, declining birthrates and an increased average life expectancy will lead to nearly equivalent numbers of individuals above the ages of 65 and below the ages of 15 by the year 2025 (US Census Bureau projections). The demographic fact that there are more elderly individuals today than in recorded history places understanding the aging process among the great challenges for scientific inquiry today.
Although aging affects the entire body, its impact on the brain and cognition is easy to appreciate because we all have personal anecdotes of 'forgetfulness' that increase across the lifespan. In fact, the famous Canadian psychologist D.O. Hebb, best known for his neurophysiological postulate of cell assembly formation and learning, wrote a personal account of the malfunction of memory that he faced. When Hebb reached his 70 s he noted, 'I have long believed that the best way to remember to take something with me is to put it on the doorstep, so I see it when I leave; now this works better if the object is big enough to trip me' [2] . One brain region that is clearly crucial for normal episodic memory (i.e. the ability to recall when and where an event occurred) is the hippocampus [3]. This medial temporal lobe structure has been shown to undergo functional changes over the lifespan (Refs [4, 5] for review). Importantly, during normal aging, the numbers of primary hippocampal glutamatergic neurons counted stereologically in humans [6, 7] , monkeys [8] or rats [9] do not decline (including dentate gyrus, CA3 and CA1 principal cells) (reviewed in Ref.
[10]). If cell numbers are not affected, why do older adults have memory deficits? One probable answer to this question resides in the subtle changes known to occur at the synapse that result in altered mechanisms of plasticity (reviewed in Refs [4, 11] ). The present review focuses on how age-related changes in hippocampal excitatory synapses drive region-selective changes in functional connectivity and plasticity. Both experimentally-and behaviorally-induced plasticity will be reviewed for each region, although most of the available data on this topic are from CA1. The possible contribution of Ca 2+ dysregulation to age-related impairments will also be discussed in view of its crucial role in synaptic modification and because data suggest that this pathway is a promising therapeutic target. Finally, to understand 'successful aging' it is essential to differentiate those neurobiological alterations that are disadvantageous from those that confer advantage. Thus the strength of the arguments for compensation [12] [13] [14] versus deterioration [15, 16] are also critically evaluated here.
Summary of age-related changes at excitatory hippocampal synapses Anatomy Whereas a comprehensive evaluation of hippocampal circuitry across the lifespan has not yet been completed, three excitatory synaptic connections have been examined in some detail. These include synapses from the entorhinal cortex to the dentate gyrus granule and CA3 pyramidal cells (perforant path projection), and the synapses from the CA3 pyramidal cells to CA1 (Schaffer collateral projection). Because very little is known regarding the functional integrity of other prominent hippocampal synapses during aging (e.g. dentate gyrus mossy fiber to CA3 synapse, the commissural projections of CA3, or the direct perforant path projection to interneurons), the synapses mentioned above will be the focus of this review.
The afferent projections to the dendrites of granule cells within the dentate gyrus are anatomically distinct. The inner molecular layer receives input primarily from the GABAergic inhibitory interneurons, mossy cells of the 
